The bismuth rhodate BiRhO 3 , which crystallizes in a perovskite structure, was synthesized under high-pressure and high-temperature conditions, using a 6-8 double stage multi-anvil apparatus. The synchrotron powder X-ray diffraction data suggest that the crystal structure of the BiRhO 3 perovskite is stable under pressures up to 34 GPa at room temperature with anisotropic compressibility. The equation of state for BiRhO 3 compound was obtained. The results offer opportunities for further research into the BiRhO 3 quantum compound with strong spin orbital coupling.
Introduction
The transition metal oxides are composed of unique quantum functional materials ranging from novel superconductors to multiferroics to much profound materials. Those of 4d transition-metal oxides receive much attention with their diversity of structures and electronic and magnetic features because of the comparable energy scales of Coulomb electron correlation, exchange interactions, spin orbital coupling.
1
The Rh perovskite-type compounds show intriguing properties, such as superconductivity, itinerant ferromagnetism and non-Fermi liquid behavior.
2 Several studies have revealed structural novelty of rhodates that are related to differences in their electronic properties. [3] [4] [5] [6] It is noted that most of those perovskites are synthesized at high pressure. The quantum properties can be modified by in-situ high pressure. It is therefore desired to investigate the effects of pressure on the structure formation as well as the structure stability at high pressure.
In this paper, we report the synthesis of the orthorhombic perovskite BiRhO 3 under high-pressure and high-temperature conditions. The synchrotron powder X-ray diffraction data reveals that the high-pressure product is stable at pressure up to 34 GPa with anisotropic compressibility.
Experimental
The perovskite BiRhO 3 sample was synthesized in two steps. At the first step, the precursor of pyrochlore Bi 2 Rh 2 O 6.8 was prepared by a solid-state method. A mixture of Bi 2 O 3 (4N), Rh 2 O 3 (3N) at a molar ratio 1:1 was heated at 950
• C for 24 h in air. After the treatments, the synthesized powder was examined by powder XRD to confirm to be single phase. At the second step, Bi 2 Rh 2 O 6.8 precursor was subjected to high-pressure synthesis under 15 GPa at 1000
• C for 30 min using 6-8 double stage high pressure machine. Finally, the sample was quenched to room temperature and recovered to ambient conditions. Powder X-ray diffraction at ambient pressure was performed using a Philips X'pert diffractometer with CuK α radiation. The X-ray diffraction experiments at high pressure with synchrotron radiation were done at Beijing Synchrotron Radiation Facility (BSRF) with a wavelength 0.6199Å using a diamond anvil cell at room temperature.
Results and Discussion
The crystal structure of the sample synthesized under high pressure was checked using powder X-ray diffraction with CuK α radiation at room temperature. Figure 1 shows the X-ray diffraction profiles for the pyrochlore Bi 2 Rh 2 O 6.8 prepared at ambient pressure and the perovskite BiRhO 3 synthesized under high pressure with a small amount of impurity phase of the pyrochlore Bi 2 Rh 2 O 6.8 as marked 
10
To further study the structure stability of perovskite BiRhO 3 under high pressure, in-situ high pressure angle dispersive synchrotron X-ray diffraction experiments were conducted by using diamond anvil cell device with pressure from ambient up to 34 GPa at room temperature. Figure 2 shows the patterns of angle dispersive X-ray diffraction of perovskite BiRhO3 at different pressures. It is found that (200) diffraction peaks shift to low angle while the others shift to high angle with increasing pressure. The perovskite BiRhO 3 presents obvious anisotropic compressibility suggested by (121) peak shift to high angle much more rapidly than the other peaks. It can be seen that all diffraction peaks become wider and (121), (210) and (002) peaks were merged with increasing pressure up to 13 GPa, which may be caused by the peaks being wider or anisotropic compressible. When the pressure returns to ambient, all the peaks almost recover their original sites. However, no other new diffraction peaks that cannot be fitted to the orthorhombic symmetry are found in the whole measured spectra, suggesting that the crystal structure of the BiRhO 3 perovskite is stable in the experimental pressure range.
Lattice parameters and volume compressibility of the BiRhO 3 sample at different pressures were calculated from the profile fitting of the synchrotron X-ray diffraction, using a least-squares program. Figure 3(a) shows the anisotropic variation trend of lattice parameters of perovskite BiRhO 3 . The lattice parameter a increases continuously, while the lattice parameters b and c decrease monotonically with the increasing pressure up to 34 GPa. In addition, the evolution of c/c 0 is more slow than that of b/b 0 . The changes of a-axis and b-axis could be caused by the change of the Rh-O bond lengths of RhO 6 octahedra, indicating that pressure induces the octahedral-site distortion, while the decrease of c-axis might be caused by the compression of polyhedral layers. Figure 3(b) shows the V /V 0 − P curve in the experimental pressure range. We analyzed the data of volume compressibility versus pressure of BiRhO 3 , using the Birch-Murnaghan equation, Assuming pressure derivative B ′ 0 = 4, the bulk modulus B 0 = 189 ± 10 GPa, which is consistent with that of LaRhO 3 , 11 provided that the ion size of Bi 3+ is close to that of La 3+ .
Summary
The bismuth rhodate BiRhO 3 was synthesized at elevated high-pressure and hightemperature conditions. Experimental results showed that the crystal structure of perovskite BiRhO 3 was stable under pressures up to 34 GPa. Assuming the pressure derivative B ′ 0 = 4, the bulk modulus B 0 = 189 ± 10 GPa for BiRhO 3 was obtained. This provides the chance for pressure tuning the electronic properties without crystal structure phase transition at least up to 30 GPa for BiRhO 3 perovskite.
